ABSTRACT. In a double-blind, placebo controlled study of 10 infants with upper gastrointestinal motor disorders, metoclopramide (1 mg/kg, intravenous) but not bethanechol (0.075 mg/kg, subcutaneous), signficantly increased the fractional rate of gastric emptying following a 5% glucose meal. Infants were tested on 3 consecutive days with a phenol red dye-dilution technique which, if combined with acid titration of gastric samples, permits simultaneous measurements of gastric volume, fractional emptying rate, fluid output, and acid output. Metoclopramide increased the fractional emptying rate in eight of 10 infants (mean + SE increasing from 4.6 + 0.6 to 7.3 f l.O%/min,p < 0.02).
Infants with signs and symptoms of disordered upper gastrointestinal motility are often treated with bethanechol (Urecholine, Merck, Sharp, Dohme, Inc., Westpoint, PA) or metoclopramide (Reglan, A. H. Robbins, Inc., Richmond, VA) although neither drug has been approved by the FDA for this usage. In trials with infants, both drugs appeared to increase basal lower esophageal sphincter pressure, and reduce gastroesophageal reflux (1) (2) (3) (4) (5) .
Delayed gastric emptying is commonly associated with gastroesophageal reflux in infants (6) . Moreover, gastric stasis may be the more prominent abnormality in several conditions common to infants such as functional ileus in the low birth weight infant (7), or postoperative ileus in infants who have undergone surgery under general anesthesia.
The purpose of the present study was to evaluate the efficacy of metoclopramide and bethanechol in increasing gastric emptying in infants with signs and symptoms of disordered upper gastrointestinal motility.
METHODS
The study protocol was approved by the Human Subjects Committee of Harbor-UCLA Medical Center on September 3, 1983 . Informed written consent was obtained from the parents of each infant prior to study.
Clinical data for each patient are summarized in Table 1 . Ten infants referred consecutively for evaluation of recurrent vomiting or upper gastrointestinal motility disorders were each studied on 3 consecutive days.
On a separate day esophageal manometry was performed with the standard slow pull-through technique using a triple-lumen water perfused catheter in the seven infants whose symptoms included vomiting. Mean lower esophageal sphincter pressures are provided in Table 1 .
Of the infants listed in Table 1 , patients 1-7 were fed enterally, patient 8 received 50% of his calories enterally, and patients 9 and 10 received total parenteral nutrition. None of the infants appeared to be undernourished grossly. None appeared edematous or marasmic at the time of study. Weight for length plots of the patients >3.0 kg ranged from 10th-75th percentile (8) .
The gastric fractional emptying rate (the percentage of the meal leaving the stomach per minute, in %/min), gastric fluid output (ml/kg/h) and gastric acid output (pmol/kg/h) were determined using a dye dilution technique previously described and validated (9, 10) . Infants were fasted for at least 4 h prior to the study. Intravenous infusion of dextrose and electrolyte solutions were permitted to continue in three infants. Small infants were studied while being cradled comfortably in the arms of a research nurse. Older infants sat in the nurse's lap during test sessions. A 10 French sump tube was placed through the nasoor oropharynx into the stomach, and the stomach was emptied of residual contents. Proper positioning of the tube in the most dependent portion of the stomach was verified by immediate recovery of 100% of an injection of water. Following a 30-min stabilization period, a 2.5-ml sample of mixed gastric contents was aspirated and, immediately thereafter, 5.0 ml of water with phenol red (50 mg/dl) was introduced into the stomach. After mixing the added volume with gastric contents for 1 min, a second 2.5-ml sample of gastric fluids was aspirated. These procedures were repeated every 10 min during a 40-min fasting period, and at 5, 10, 20, 30, 40, 50, and 60 min following intragastric administration of the test meal. The meal of 15 ml/ kg 5% dextrose was adjusted to pH 7.0 and 37" C, and contained phenol red (5 mg/dl). Five to seven min prior to the meal, each infant received an injection of either 1 mg/kg of metoclopramide by slow intravenous push, 0.075 mg/kg bethanechol subcutaneous, or 0.3 ml saline placebo subcutaneous, given in random order on 3 separate days. During a careful review by the investigators and the Human Subjects Committee, these doses were agreed upon as representing the maximally effective doses and routes which could be administered with an acceptable margin of safety to infants. The injections were given in the absence of the investigators by a research nurse who did not participate in any other aspect of this study. During each study, dressings were applied to both a thigh and antecubital fossa to insure blinding of the investigators.
The concentration of phenol red in each sample was measured 1030 HYMAN ET AL. using a visible light spectrophotometer at 560 nm (Guilford Instruments Laboratories, Inc., Oberlin, OH). The concentration of acid in each sample was measured by endpoint titration to pH 7.0 with a Radiometer TTT 60 titrator and ABU 60 autoburette (Radiometer, Inc., Copenhagen, Denmark). Intraassay variability was less than 5% while interassay variability was less than 20%.
Intragastric volumes of fluid (V,, V2 . . .) and masses of phenol red (PI, P2, . . .) were determined at the time of each sampling using the dye dilution principle (9) (10) (11) (12) . Fractional emptying rate (g) was then determined for each 5-or 10-min interval between two dilutions (t), assuming that emptying was a first order process (expotential) during short time intervals and using appropriate transformation of equation:
Net rate of fluid output (Rw) was then determined for the corresponding interval, assuming that it remained constant over the given interval and using appropriate transformation of equation:
Intragastric volume of fluid and masses of phenol red were then recalculated, taking into account these first estimates of fractional emptying and secretory rates, which were in turn recalculated. This interative process was repeated until the change of the calculated fractional emptying became less than I % of its value per iteration (9, 10) . Similar calculations were used to determine the amounts of intragastric H+ at the time of each sampling and the net H+ secretory rates. In addition to the determination of fractional emptying rate, this method thus permits simultaneous measurement of net fluid output (expressed as the volume secreted, in ml) and of net H' secretion (in peq/min). Slightly modified equations were used for the interval corresponding to the liquid test load to account for its intragastric administration (9, 10) . These calculations were performed using a locally developed program and a PDP-10 computer (Division of Computer Research and Technology, National Institutes of Health, Bethesda, MD). The assumptions involved and the validation of the method have been described and discussed elsewhere (9, 10) . The present technique allows correlation for emptying and fluid output occurring during the 1-min dye dilution interval and can be applied both during fasting and following a liquid load.
Values obtained during the second to fourth 10-min premed intervals were averaged for each individual to provide basal data while allowing the establishment of a fasting steady state (9) . Values from the first (0-5 min) and second (5-10 min) postmeal time points were averaged. This value was averaged together with the third through seventh postmeal time points to provide one mean postmeal fractional emptying rate per subject and per day. In this manner each 10-min interval carried the same weight. The significance of differences between pre-and postmeal values and between placebo and drug values was determined using an analysis of variance with repeated measures and subsequent t tests (9, 10).
RESULTS
After placebo, the mean postcibal gastric FER was not significantly different from the fasting FER. In contrast, mean postcibal F~R gastric fractional emptying rate was significantly faster following treatment with intravenous metoclovramide comvared to placebo (Table 2 ). Metoclopramide increaskd FER by 20% or more in eight of 10 infants (Fig. 1) . In contrast, bethanechol did not significantly alter FER. In the eight patients who responded to metoclopramide, the greatest effect on FER occurred during the initial 10 min following the meal. Averaging the FER for the 5 and 10 min time points, FER after placebo was 4.9 + 1.7%/ min, after metoclopramide 2 1.1 k lO.O%/min, and after bethanechol 16.5 + 8.5%/min. At 10 min 38% of the meal had emptied after placebo, in contrast to 64% after metoclopramide (Fig. 2) .
Gastric acid secretion increased 2-to 3-fold following the meal, a rise which was statistically significant ( p < 0.01). Meal-stimulated acid secretion was not significantly altered by metoclopramide or bethanechol ( Table 2 ). The maximal increase in acid secretory rate was evident from 20 to 30 min after instillation of the meal, with a return to fasting levels of acid secretion from 30 to 60 min after the meal.
Fluid output increased nearly 2-fold above fasting levels following the meal, a rise whch was statistically significant ( p < 0.01). Metoclopramide, but not bethanechol, caused a further significant 86% increase above values with placebo (Table 2) . Metoclopramide increased fluid output in nine of 10 infants. In contrast, the trend of increased fluid output following bethanechol was not statistically significant. There were no visible side effects attributable to metoclopramide or bethanechol as assessed by the person performing the 
DISCUSSION
Metoclopramide increased mean postcibal FER of a 5% glucose meal in eight of 10 infants referred for evaluation of an upper gastrointestinal motility disorder. Bethanechol significantly increased FER in only two of these infants. Both drugs were given in a dose thought to be safe and maximally effective, based on historical data (3, 13) . Both drugs were given by injection to avoid individual variability in gastrointestinal absorption and thus to insure maximal pharmacologic effects 10 to 30 min following drug administration (3, 14) . The results of this study in infants are similar to those obtained in adults:
McCallum et al. (15) reported that metoclopramide, but not bethanechol, increased the rate of gastric emptying of a mixed solid-liquid meal in adults with delayed gastric emptying.
Although there were no studies of FER in normal infants available for comparison with the present study population, fasting FER in studies of healthy adults were 9.5%/min (16), 10 f I%/min (17) and 12.2 f 2.5%/min (18) or about twice the fasting FER observed in the infants we studied. In the infants, the fastest postmeal emptying rates were 5.6-7.5%/min in a group referred for symptoms related to recurrent vomiting. In previous studies of adults, mean FER increased slightly to 13.6% after water alone, but was significantly reduced to 3.8 k 0.9% after a 30% glucose meal (18) . However, gastric emptying did not appear to be delayed following liquid meals containing up to 15% of glucose (1 9). Thus, mean postcibal FER in our series was about one-half that observed in healthy adults. It appeared that the infants with FER r 5.6%/min may have either normal or mildly delayed gastric emptying. In contrast, infants with overt clinical evidence of gastric retention had fractional emptying rates of 1.6-4.5%/min, values which therefore appeared to reflect moderate to severe delay in gastric emptying.
Thus, the heterogeneity in the patient population was apparent not only in the signs and symptoms which prompted referral, but also in the results of the gastric emptying studies. The study design, in which each individual subject's study with placebo served as a control for drug effects, allowed valid evaluations. Despite the heterogeneity in results following placebo, eight of 10 infants responded to metoclopramide with significantly increased gastric emptying rates.
The gastric dye dilution technique used in the present study had several advantages over radionuclide imaging as a method for determining gastric empyting rate in a research setting. In contrast to radionuclide imaging, it did not require exposure to radiation, however low the level would be. Furthermore, validation experiments demonstrated that a good agreement existed between FER determined with the dye dilution technique and with radionuclide imaging of 99mTc-DTPA (9). In our studies, feeding the infants through a nasogastric tube assured standardized timing and volume of feedings for all studies of all patients. Such precision could not be maintained during oral feedings. The dye dilution technique with repeated sampling directly measured intragastric volume. Further calculations permitted measurements of the FER and volume secretion. Moreover, similar equations were used to calculate the rate of acid secretion. Thus, the dye dilution technique offered the possibility of measuring changes in a number of physiologic processes, whereas radionuclide imaging measures only emptying of the radionuclide. The emptying of solid meals could not be measured with the present technique, but because the infant diet is mainly liquids, this disadvantage appeared irrelevant.
The rate of gastric emptying of liquids depends on receptive relaxation (the ability of the stomach to accommodate to distension), followed by slow, sustained tonic contractions of the proximal stomach (20) . Metoclopramide, a dopamine antagonist, inhibited receptive relaxation in dogs, presumably because gastric relaxation is mediated by the stimulation of dopamine receptors (21) . In contrast, bethanechol and other cholinergic agonists do not interfere with gastric receptive relaxation. A possible explanation for the difference in efficacy between the two medications was that metoclopramide, but not bethanechol, inhibited receptive relaxation.
The mean basal acid output was 20% higher than we reported for healthy infants in an earlier study (22) . The meal resulted in a transient increase in acid secretion with a time course identical to that reported previously for infants (23) , but nearly double in quantity. These discrepancies may have resulted from differences among the study populations; however, it is more likely that the lower values in the early studies reflect incomplete recovery of gastric secretions, because the present dye-dilution method corrected for pyloric losses.
Fluid output increased following the meal in all subjects. One earlier study of infant formula-stimulated secretion determined that eight healthy infants secreted 2.0 ml/kg during the first 30-min postcibal interval (24) . The present study is the first which permits comparison of basal secretory rates to meal-stimulated rates in infants. An unexpected finding was the significant increase in fluid output following metoclopramide. Although increased gastric fluid output has not been reported following injection of metoclopramide in laboratory animals or adult men, our observations suggest that this medication may increase gastric fluid output in infants. There is little clinical effect from the increase in volume secretion with metoclopramide, because the extra volume is small relative to the size of the meal.
Metoclopramide, given in a single intravenous bolus of 1 mg/ kg, rapidly increased the FER in the majority of infants, and was not associated with side effects. In contrast, dystonic side effects were common in oncology patients receiving repeated intravenous infusions of metoclooramide (25) . Extravvramidal disturb-\ ,
-.
ances are reported to occur during treatment with oral metoclopramide, especially after overdose (26) (27) (28) (29) (30) . Anecdotally, we treated five of our patients with oral metoclopramide (0.15 and 0.75 mg/kg/day), for periods that ranged from 1 to 2 months. No side effects were reported in these patients. Further studies are required to confirm the clinical usefulness of metoclopramide for the treatment of infants with delayed gastric emptying. It will be important to determine the lowest dose of drug which improves gastric emptying, and thus provide the highest margin of safety.
